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(57) Abstract 

High-definition gradation display is implemented by binarizing the signal applied to a data line and by turning only on or off the drive 
of each pixel. When, for example, 8-level gradation display is implemented, one field (10 is divided into seven sub-fields (Sfl-Sf7) 
according to the gradation characteristics of an electrooptical device. By maintaining the on-state of a pixel from the first sub-field to a 
predetermined sub-field according to the gradation, the ratio of the on or off period of the pixel in one field is controlled for high-definition 
gradation display. 
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ot, IIIfGl, G2> G3> »s Gra» (lVa) £E#ffl7J<!f it So 
20 M (1 Va) (is >f K «fc t) ££Ji^»IIHIC»J££ 

£T> ^fffl^G K G2, G3, Gm\Z, ZtlZtlt D v £fi^ C L Y© 

JiBtSjtSli^G 1 (is X*- h/^^DY«?nf;l> * P '^IfCLY 

^DY«ntiP^ ^*M-^G 1 tfimtlZtiZZ-eiZ. ? fW^LPO 
1 i/a^ h (GO) tf^-^SIBS&SKl 4 OlzeM&SfiSClfcfcfcSo 
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zzx*. zcD? y^;^LP© i->3^ (go) jFflM&snfca^c-o^T 

famtTfrZo :©7-vW^LP©l */3 (GO) ft? - $ UMM 

mf& I 4 0(C#t,££fti>£:, x-^^IMttdlSSl 4 0 (03#M) CfcttS^D y 
^MCLXClfcA^fc|si(:j;ot, 5*fi*Sls S2 N S3,-> Sn 
5 #*¥£aE8Jlffl (1H) ^y^ffl^S K S2, S3, 

-2> o 

t)(C*5^T, ±*»&ft*.T l*a<D£*»l 1 2 h> &*»6»*r l^g©^-* 
10 ^114 h©5SM£:tt/fo-f 3iM 1 1 O'n© 2ffi{g^D s £^ yf- U 7 y 
^fl^S 2©&t>T#«? twfcOT, ±*»f>«it 1 1 1 2 fc, 

^it2*i©r-^il 1 4 fcOX^tC^fSii* 1 1 0 *\<D 2 jgff^D s 

n*g©^-^iH 1 1 4 t(D&miZttm?2>Wm 1 l 0^©2fit{g-Sf D s y 
15 ft5o 

:tit<t^ $1% m 1 £:fe^T±*»e> 1 #g©^**£ 1 1 2 
^■^■n*c:i:fc:&*«-**5x ^-*&&iiii&3 o oii. mio^-y^mm 4 2 0 

FRA s Ll/^Oi^^i^tt^§©T\ 05 (a) C^fta^ — ^l/tf^BB 
-D2C{&tttll*^n5ii:t:*5o 

iKc, ^d^^clymwot, ««-^g im$ti5^ mi 

25 l:^t±i!P5»»tT l*g©^S!^l 1 2#»tt$ftS»£*MiRj£3Kllil 1 2 
£©£3ttc*l/fo-f -SHU 110©h7>^^l 16 ififi"C*>t1*2>a —H. 

fpfm^ C L Y©a£-£T# tJia^tvyf^i^ L P A s £ti:fr£ti£o-£ 
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1 4 3 0&,m 1 ©7 yf-IUSS 1 4 2 OtZcfc^T&JiftlftK^^ftfc 2fitf§^ 
Ds^ ttifo-r^x-^JU 1 4©#^K7 : -*{i^d K d 2, d3, s dn 
bLX-%fc&&tZ>o ZOtzSbs ±fre>$;tT HTg©ISiM 1 OiCi^Tiis 

5 co«ai:ae ! fTi/T,Bii c*3^-r±*e> 2*a©3t*«i 1 2 h©£MK*h& 

UT^©2fii(I^D s tiKW, 1 ©^ y^Ellfc 1 4 2 0 13 «fc D j£UP*KW£ 9 

io -rsft) #m#£ft3 izK¥?iS®® (ih) c*^ti*, i*ao^iiii2 

£*KS-rSH3il 1 O^lff^tW-rSx-^fi^d l-dn«t (i + i 
)#@©£Mll 1 2CWt5iil 1 0©lfT#£*frS2ft«*tDs(Dj&* 

$n««t:Kt)S$n«. fc^u f*-**»ii!tt3 o o (bi#m) imit* 

20 fcv^TtK #-b■77^-;^K(3^v^TlRla^ilJ^* s ^ , 3M$t^i>o fc£U KB:? 
-#D0~D2fr£ 2i£f§^D s^©&tfe£^H , >T(i* 0 5(b) t^ilSx — 
7>##JB£ tl 3 £ i: t * £ o 

mn&iz^uxmtZo mi\t, mmr-ft, mmi 1 o 

011*. £MIEM^FR#L l^;UT&S*§£^ feSH^OPSB^-^D 
0-D24S(0 0 0)-e*5fc#, H5 (a) C^£ftSgESIrtgfc«£$*8** ^ 
&H*©ii*ftffil 1 8(zli> EI7(c^^ni>«fc^ic, 17^H1/F (If) £fc 
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PitUr'-* (0 0 0) l:Wl5L/tO°/oh^^o 
g=fc, fcSiBiji©^^-^ O~D2#(lOO)Tfc£fc^05 (a) \Z 

5 ^snsgiftrtStcftsisiiL i&B*0iii!**ffii 1 8tii, nm^^n* £ 

•5(3, l~Sf 4{3*^tttHl/^;i/* s s w»©*^7^-;v 

KSf 5-Sf 7t:::fcuTl±Li^;i'#> *ft?ft»£&£ft£o d^-e, it 77 
*-;H*Sf 1-Sf 4©W17^-;i/h* (If) tc*5UT£toSgy^(i (V 
4/V7) 2T-&t)> Z.OKBIBIKH l/^;i/&S*ffiV7 *s«&ii*nS©T?x 17 
10 >f-;uKt*v>-r^Kii3R©iBiR*ffii 1 8 £ffljbn$ft3«E^8&iIttV4 fc& 
So lf;^t> MSiM^KDSSji^l^ pgll^— ^ (10 0) £*T/foUT 57.1 

^SiS^oraSi^-^D 0~D 2# (1 1 1) T-&6££> 05 (a) 

SKIS*©®**! 1 1 B7t^*n5 
15 «fc-5(3> l7f-;i/K (If) l^fcoTHl/^^f^ji^n^. tfc*^^^ 
i^Hm©52?i^ii> mm?-? (Ill) I3*f/SLT 1 0 OXbttZo 

l/^-;i/^H**fiil 1 SKEPSD^nSo d©fc#K ■HI/^l/fc5V7fcLU^fc 

§ v o to* mu^m&ommt bt^fei^ -zmmmm^Y r#h i/^;u© 

25 HWtt©«£Ett*C*StT*r7-f-;PKSf l-Sf 7{Z^SiJb,=&1t7-7^- 
;uKStz % iJRCH U^SfcttL U^fetSM^ 1 7 ^ h* 
ff*»*#MIP*n*. x-*&l 1 4tltt^<*ft5x-*«^d 1~ 

dntt, **W»t?tt, H^iV ( = V7) *fcttLI,"c* ( = V0) ®»T?(fc 
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ZZtftmtLtUZo ££(3, 1 1 4 izm&ZtiZT-tm^d 1-dn 

soifcmtzzttLtztK *mm, ztuzm^tits mux. 2 7^-;um 

£ fcfcJloJWIH ( 1 Va) T^7f S&Stf&So -7?> ±HB^»^t'« 

20 jBuco^-catt^-rso 

trn^H-CftS. Z\(DW\Z£^X, Xy7 1 4 1 2 (4, 7 5»f^ 

X*>7 h 1^>*X* 1 4 1 0 fc^-CfeS^x^OSa^^t'&oT^S^C*^ 
25 T» XJ/7H/^^14 10 tmMLX^Zo f&t>*>. n= 2 p*«fctl» 
pftfflS-TSfcN X*>7 h l/y^ 1 4 1 2(4, ^^(s^S 1, S2, Sp 

zM®.&t>t?>mmtte^x^z>o 
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4^GD2fi|{i-tD s 1 fc.flRfcB'DT'-^fc 1 1 4^©2ffi{f^Ds 2t<0 2fh 

mizftVhtixmifczhZo s&tz, *i©7**-iiiri 4 2 *'r*b© 

^-^^ 1 1 4 CttJfcUT 2<I{g-ff D s 1 £7 y?-rs*©*:,*nc$<ffi8** 
SOr-fBl 1 4 iZttl&LZ 2mim^D s2§7yft^*©i:* 5 lli:*-ptv 

C, m-(D"7 y*m^S 1 > S2, S3, -i:J:?tHlll:ill2|^<D2«ll? 
D s K D s 2**7 yf$ii5C-e, 7 o y *«^C L X0E«»&±iB^JIfiJ&!£ 

10 tC, Xy7 hl/^^ 1 4 1 2£MT6#<ulIl&©f$£5<tt> 1 4©*$ 

*mzttlfct% r nj A»S> N ^©^#T'&£ r PJ {ZftMZtlZo Z.(Dtz®>, 
7 h \si/7>* 1 4 1 2©fl*fiK£> Xi/7M/i?7^14 10 (BI3#1) £It£tU 

TmBS<b-r * c £ & rJI^ 5 o 

-7^X^-7 hl/y7^ 1 4 1 2£«/&ir£i|Mii[5]I8©ra#¥#T8fr^3 

1 ©^ ly^lUSS 1 4 2 2©ffl»£ r2jHfe^ r 3 j JjUifc UT&<fc^©li& 
20 t>3/vT*&3o £©»££tts 2«®^»x ^KfflfRtJ^Ufe^ttfw^tfnetiT 
tt^^y7 Y\sV7,5> 1 4 1 2©^i!f(i7 :: -^^^$:^©<@^T"l^bfc^^^ 

<mmm®> 

£tz. ±tmMBm\Z%>^Tl*. 4-frY\z&ttzn&ifiW\m (1 Va 

25 ) t^Tt^o ZOtzlsb, <fcS+>-77 -Y -;U KtCfcl^ «&**^7 L tz'&fr h & 

©•9-7*7 f K*'^^l"S^-r-©K9F^-r-(i> : &iiS©^ai^^HN-c»§ji^ti 

fcmfE©^»^**fift>ns©^-c-feSo 
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? u v t m^z ? - v x* z> ? n v p K-r bmti>x&®Lffi7i 5>ns 

0t^D^ifCLXOtt»ifc5M ^ >7*«^MIh]S&2 0 o 
fc, Xv7hU^7^14 10 (1412) ligSH^&£<> 
5 ±JiliLfe«^Sl^*^ffcn^^F^l3*D^T, ^D^if CLX& 

^©^fflff^(C^^Tii^D^^{f-tCLX*^^ ^ >/7-fg-t^^|H]g§2 0 0 
*6XS/7M'y^l4 10 (14 1 2) tSSJt'Oltf l:> HI 0 tl*£ft 

io s^n ^^{=^#t^$ij^i5]gS4 o o#/ri$ ^^W^^ti^o 7n 

v 5 m^&f&®m\B\ffi 4 0 Ofc^ RS7 'J^7"7 0^7 , 4 0 2 AND0FS4 0 
4 ££iiii;tT^6 0 C®7*>> RS7'J -y77Dy74 0 2 ii. -fey hA^i^Stl 

1-S*©"t*$)So ANDE15S4 0 4li> * I' 5 > 7"«^£/&[h]S8 2 0 Ofr*> 

15 il&^tl5i'0'^(8tCLXtsRS7 l J y77Dy74 0 2 ©tBTJ^Qfr 
*^ix-5fl-th©l«iS«(i^^*tf)-c, cn^r^-^^iSKjliSS 1 4 0lC&tt£X 
->7 ^7^1410(1412) ^07Py 7ft^C LXi: 

i:.t\ 7D y 7{i^&!Sf|5lJ$l5]S&4 0 0(C*^Ts $)S+J"7"7-<-;i' k©«*zj 
20 t4^V^T7^-^/^•;^7DYA^I&^^^Si:^RS7U^y7 , 7^^7•4 0 2#-fey 

^nSioCHU^^^^o Z\(Dtztt)s AND HISS 4 0 4 #Bfl < <D~C\ X*>7 V 
1/^7* 14 10 (14 12) ^©7 □ * 7M C L X0tt*&#llB#i£ft&o b 

x> ^-^^igiftiuss i 4 0{c*j^T(i> :oiii:«l&$ns7>y^^7LP 

25 fcHmt^ m 1 ^^EISS 1 4 2 0 ( 1 4 2 2 ) (I £ £ 5=-* ©£ft&ft&5 y 
?©1f77>f-^ h*(Z43lM:g^ (±fr<b&*.Tm#i) CO^S^ 1 1 2 £310^ 
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ZM&mnGmtm&ZhZt, RS7 'J «/7?u*j7\ 0 2A 5l Jty b^ftS© 

fc&So Z<Dtz$>, AND HOES 4 O4^il;50T\ X 2/ 7 h U v>7 9 1 4 1 0 ( 
14 12) ^©^ D C LXOi^Ii^nSo 7£2f§-s§Gm# 

5 ttj6$nawt9ci4,m*B©«i8i 1 2 totzmznifc? zmm 1 ft^©^- 
$ i u/^-EiK 1420 (i422)tzj;<57 y^sftTi^sii-rT-fcs 

10 j&gfci:£*:ttX'>7 h 1^77* 14 10(1412) «*&£ft3©-t% g*H 

15 HIBfcli&fc&^o ' 
<fcfflj&*<3» 

S6K> ±83fiifiJ&»K:fcoTfc^ IffVOSLU^VkbtaSU SEV7 
*Hi/^;ui:fC««Lfe^ c©^t-li, #-©*»«£*» &v a*** 5 1 0 
0%fc&3*EV7&J3fl&£/frrs&B#fe3o LfrU&#^ 04 (a) 
20 &<p&J:^K:,V7tt±©*£E5iattftB«ID-rn«aa*l 0 0%tf2.ui:^ 
£3©T's 1EV7 £J3iJ&£J$L&<-C*k *«©»«ffi<W«BE V c c (0UIS3 
V) StOiSHl/^tl/tffli^tfi^ C©«t7t3Vc c^Hl/^ill/T 

25 l7*«JEV2~V6 fcHWCLta-Si:*:*^ 

Tfcfc^ -9-7*7 ^-;i/KSf 1 1 7^-;uk ( 1 f ) C»LT (V 1/V 
cc) »fc&«»IWCK£U *77<--*KSf 2£s 17^-^K (1 
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f) t;*TLT (V2/Vcc) 2 - (Vl/Vcc) 2 £&SITO^I8:£U 
|C % t77-f-;i/KSf 3£ N (If) CWLt (V3/Vcc) 2 

- (V2/Vcc) 2 fcfcaHJJffflCaftjSLTx ttTH*l: LTI§:£LT^ 
, 1t77 -f-;U h* S f 8 l7-Y-;i/h* (If) CttLT (Vcc/Vcc) 2 
5 - (V7/Vc c) 2 ^^S^P B ^(^IS^tSo 

HT, £0J:5£IWIHfcaS^Lfctf7*7<r--;i' FSf 1-Sf 80^,tr 
7^~;wKS f 1~S f 7C*^-Ctt^±E»l*Jfi^JBi:H«l*:*a&tf ^ 
ilt - 5o mtzteV?? KSf 8i:o^tli, M4bSgiM§^FR©ix 

10 £^ ^7*7-f-;i/ h*s f 8tz*3^T, mjk** rewx-^tc^ip^^-rmffi^ 
ra^-* (ooi) icjfocTna&SEv i ^H^cEp/jp-r -y-7" 

7^-^KSf ii:*ot^>iff^Wi]nu P§lr-^ (o 1 1) tjfc&T^flb 

tEV 3 &M*£.Wtia+ S»^tCl±, "9-77 ^ -;b h* S f 1 - S f 3 tC-*V>T*> 

masTOU psPt-*-^ (lio) £*&&T*»*ffiV6&ffl*cfflHn-r*»£ 

20 {Zlis "9-77 FSf 1 ~S f 6H*^T^>«JE : &EPip-r^> fclr^fc^ 

t»So i a^i-^§rem»K:ii&i;feffii«o-9-7*7^- 

Ell 2 (a) ££l>" (b) tt, *jfifflfl5aBK&S«&#¥&B©x--* ^&[SS8 
25 3 0 0©«H6ft*tHl««tf*5. Ztz.mi 3&> OTiiCi^iDt^ 
gB©Ulf££^"f ^ 5. >7*^* — K'fe^o 

*j»fflJK*K:*^Ttts i7^-;i/H=&4^©-9-7'7^-;i/h'(3^iyb> mi 2 
(a) £fcl± (b) fc^-rHSffiUKftoT, dft<=>© 4<@0+f77 <f h* S f 
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a> ^7 7 ^_;i/HSf 0I±> 14 (a) 3i*ll©Klfii V T H l*g^©» 

b. tf77-f-;i/HSf i»±x r ij cffiata*atfffti*c^*ff*^ 
10 t*©i$H!fifcfc^Tv^o 

d> y s f 3 lis MH r 4 j C«MS***»«E£BI*K:#*.»*£ 

1U1 2 (a) *3«fcV (b) l^t^at:, ( 0 0 0 ) W^Ofgilx-^ ICO^Ttt 
20 BUflfft. «*K. BMH 5 -*** (001) 1f77^-^h'Sf 0£ 

E^TttMcwinsnsBEfsatfttv 1 fc&So nti*^ pg^f--^* 5 (0 1 

^€E* j EPSo^n, c©*sin 1 7 -f-;i/ Fiz&^xmmmizwi}u£ti2>nK.n%}B. 
25 av2 ^nwft©©!^--*^^^ h 1 2 < a > * it)! (b) 

friifii£#7tzt&mE£Mir$fr#&:££^ c©*s^ rew^-^cfc^fc 
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x ±i3H5Eff^ct!3*)-ti-^7^-;i/K©{@^$: / i>^<t?)' fc#T-££o lot, 

^TtiMt77 ^-Jl/FSf 0 SftSOSBlVTH 1 SIIfcKWiJQ U# 3f£i7©B# 
S&Kli.*^. Sli, 04 (a) *©1EVTH1-V7®FIT% g|^?-^#Pi£i! 

15 Ctlif^t^^^o 

ttMl^^tlt iMEVTHl £lj^tzEPfiD-r££i*©1t7 

0 £&7 4 h^MJKI&tt* J; ? tz LtzbK 4 

K©{i[fite:< ^§7 ^ K©? *>©^-f noliIi:feotUK #Jfofflff£ 

t»t)(c=&-9-77^-;u HSf i-sf 3©iscm«©^iBi*»t7x ;:ne>©Efr£© 
u^iat*j:K jftstnn h»«bevth i &Bispu»*«fiaft*^"rs 

25 ±12-^77 >f-;VKSf 0*«»©»JlfflK#SIU Ctl <b©&$^£&ic©&tr7 
;Uh*S f 1~S f 3 ^r^VA^^P^O^F^** 5 . ®^ tz ^ U "C ^^)«JE V T H 1 SEP 
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<m8mw<D£t*mm> 
l 5 Mbt^tSo 0 i 4(±, m&^ssai i o oommzm 

t¥-ffimT'& t>> HI 5 lis H 1 4(z4D(t5A-A' ^©irffll2IT-$) S 0 

5 c:n^©0(c^^n5«fc-5C> infill ooit HiKm 1 8&ir#j£ 
tiLztitzm^mm 1 o 1 ^#iqj««§ 1 o 8&£#ff^£ft£*rft*tR 1 o 2 h# 
, so£*>-;hj 1 0 4tci^T-^©iaiw*«^Tjyi!3^t>*f>n*i:i:*twx 

10 \zntz'&, nibble* D^i^ns^ zn^oHCfc^-nitfB&sft-c^ao 

£T> Si^lMR 1 0 1 iZ*^T> v--^** 1 0 4(Z>rtfflj* i o^^««l 0 1 a© 

20 $1*1© ««i 3 0 sL{z\z%.&ummw& 1 3 otwmzti, mi 4 

0 a£lix-*$&iEt&!H]?& 1 4 0 tfM^ntl^. -Tfcfc>*K j®ft§U0 6&s 

Z.<Dtz®>, &%Wk \ 0 6#^fi!c*n)fe«*S"T?ttx r$HJl^©M«;E* 3 (J<i: 
25 -fc?o£&3©T% jffl^mfiil 1 8 0*E&wmttJS£:l^i;^ttJi£:*So 

^^aitg 1 0 1 ce^t* mmw& 1 4 oi s M^nsia 1 4 
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-fi s WlPlStRl 0 20WlRl*fii 1 0 8ttx 4PS©?*k 

'J>t*<£t> lffi?fi£&\,\zmit>titzmMtt (El^ng) ^I^StS 1 0 

i ustta&^fflsi o 6*j<ttJ t fti««i^i:«aw4*ii* J iae»nT^*«"r&t)"& 

5 1 0 6(3, LTttlqlSfiil 0 8 ^ft?tlEMn£ ft Sfit^i: 

*\m&*tii*^* ztzs mumoms, 1 o oc^n^mmi o 

i o i :fc.fctf*tiqi*ffi i o 2cDmfii^ffi{i{i^n-enpir^©^iD]t7 tr>^«a 

15 S^nfcKlRlK (0^«BS) fc^tfa&ttfcft"^ flE^WlinttJBIK:*^***^ 
©Eipj£ft£&£1" ttftSIK l o l ©fljtli, Eiea^iqituSiifcfi^ ( 

a***) #tsite>ft&o fc£u «§i 05i:it, s^^cft'J^fc^t^ 

20 £o 

u ;;t:, mmmm i i Bc«»*n5 i i 6^ iSKings© 

25 *«*UT*Bth7>^^^ (TFT) ^^fiRf LT «t^o Z<D£olZ 

TFT^ai:, 1 0 1 t LTmW&m*%^ZZ t&XZZo 

(Super Twisted Nematic) BTN (Bi-stable Twisted Nematic) m • 
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ttH b) i:jS»Lt> 3{m#*&«ii&^fc¥fT£Eai**fcy2 b** b 

MCE^Jt^s fc^-5¥fr (*¥) KIrI T^Eft) ©flff&i: LT J; 

ttfanmtZs S^fclHIIHfcfi^TWttttKEBtafllfilci: lt*iK £©ltfifc 

X (EL) ^> r^KOD^-r/H^ (DMD) v r^X?!^^!? 

20 ^^^mmz^xELifimmmmtmmm^m^n^mmtcDmiz^t^z 
zm^Zs »«i«**ff ^Bft^SEBCD-r^TtafflTO-cifeSo 
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-?uxm%t2>o 0 1 6 (is iorp ^*¥ffi0"e&*o zcom 
testis * 5 royi^no ortgutuix mytmmmw i i i o#v* 

1 1 1 2*^©ai^7 1 6iis 'J7^^1 1 14 13 cfcSSMT-B&^tT&Tte^&oT 
5 , ll(D-f>ryi/-^U>Xl 1 2 OlCAItt^o dill;:J:»K 5>71 1 1 2 

fre>£>ffl!t#tt> a»©*fi83femfc:#S!i£fts« £©#$j£ftfc*ia#ifci±N ^2 

#fa#(s£ffiofcHlls©as##m (sim) «&£ftT> fiftJfti&SSl 

10 ffl*jHWiit«i 1 1 ofrtbitiMztitzsmytytmz. m^-^^y) v 

* 1 1 4 OcDsfiftftmStt® 114 1 t«t^>TSI**tiSo^©SI*^^0-5^ 
. Wfeft (B) 4 4 v>? 1 5 1 <OW£&£tJJBKTES*£ 

*u sasomfute^SiB 1 0 oBiaot^i^nSo sfcs 94 *z ^ 
7-1151 (D^%Kmm^m^tzit^.(Do%, (R) o^ma* *y 
15 ^d^^.7-115 2®m&ft%Mmizzfc®t?nsfcMm<Dwn5L?t , ¥$iw 

1 0 ORlZ&^xmmZtlZo ^ONf^7-1151 ©WfeftSt* 

Ji*38»Lfc#l&©-5"£> (G) ©ftjgtes fOD^y^7-1152 

3©J;^l:lT, t^ftf 10 0R, 100G, 1 0 0 BCfcoT Zti?ti 

20 &yt%mztitz%&, m&<DK\z, fon^^>7-i 152, 115 

U {^Tttf — A .X 7" 'J 1 1 4 0fc«fcoTlliK«&JS£ftfc«* J8¥#^fcl 1 6 
0l:<t^t, 7i"J->117 0£#¥3*iSC:fcfcJS:3o SM,##^S 1 
0 0 Rs 10 0 BiJcfcV 1 0 OGtli, >7U4 v >7 X 9— 1 1 5 1 s 115 2 

25 ifcfi&^o 
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